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In most small manufacturing enterprises, production planning and production scheduling are the 
two most important operational management tasks required in a job shop. A typical make-to-order 
company is plagued by frequent absenteeism, abrupt resignation of skilled workers and workers 
not being diligent in data entry. These lead to an increase in late delivery of jobs to customer and 
often a rework of returned jobs. This thesis studied a make-to-order company that manufactures 
hydraulic cylinders. The effects of some human factors in a job shop environment, such as job 
skill, job satisfaction, job rotation, and job fatigue, on workers job performance were studied.  
Questionnaires were designed to identify human factors and measure the insignificance on job 
performance on the shop floor. Statistical analysis methods were used to test for validity, 
reliability, and correlation of the data. The null hypotheses of the study were stated as: (1) There 
is no significant relationship of each of the variables including job rotation, job fatigue, job 
satisfaction and job skills with respect to the job performance of the shop floor workers; (2) There 
is no significant combined effect of the variables on the job performance of the shop floor workers; 
(3) There is no significant individual contribution of each of the variables on the job performance 
of the shop floor workers. An experiment was designed and conducted to test these hypotheses.  
The results obtained showed that job skills job satisfaction, job rotation and job fatigue have a 
significant relationship on job performance and job performance on the shop floor can be predicted 
from these human factors considered. These results are expected to improve production planning 
and production scheduling when making decisions in a real-life manufacturing environment. 
The main contributions of this thesis are summarized. First, in decision-making for manufacturers 
in the field of operation and supply chain management, this thesis work has improved the current 
understanding of human factors and their significance in production planning and scheduling 
process. Second, in designing a manufacturing scheduling process, this work has also improved 
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1.1     Background and Motivation 
In the last few decades, issues relating to human factors have become an integral part of production 
planning and scheduling (PPS), mostly in small manufacturing enterprises (SME). Human factor 
(HF) is defined as “the scientific discipline concerned with the understanding of interactions 
among humans and other elements of a system, and the profession that applies theory, principles, 
data and methods to design in order to optimize human well-being and overall system 
performance” (IEA Council, 2014). According to this definition, HF is one of the important 
elements to be considered in a SME system that involves PPS. In addition, HF is considered in 
order to minimize the occurrence of human errors made by humans during the manufacturing 
process and also to increase the performance of productivity (Neumann et al., 2016).  
 PPS within a manufacturing environment helps in decision-making as well as utilization of 
resources at the operational stage. PPS can be defined primarily as materials resource planning, 
which involves estimating the workforce, materials, equipment, cost and quality control, and 
scheduling which involves allocation of job resources (workforce, materials, equipment) on what 
machine, in what quantity, and in what order to be produce over a period of time (Silver et al., 
1998; Kreipl and Pinedo, 2004 and Xinyu et al., 2010). Therefore, the definition involves humans 
at the operational level (front line or job floor). 
The studies of HF in most manufacturing systems have been considered mainly under the domain 
of occupational health and safety development rather than in the production planning decision 
making (Theberge and Neumann, 2013; Kumar and Kumar, 2008). HF in a manufacturing system 
have been seen as protective measures focused on workers rather than contributing to the entire 
production system (Perrow, 1983). According to Perrow, HF has no or little effect on the 
operations management of an organization, and this has rendered HF to be considered partially in 
the PPS system (Dul and Neumann, 2009). Helander (2000) made a vital contribution towards the 
reasons why HF have not always been considered in PPS process. The author emphasized that 
most HFs are seen as design for comfort rather than contributing to the performance of the system. 
However, a study by Berglund and Karltun (2007) showed that the effect of HF along with other 
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manufacturing process parameters on PPS is very much needed by the scheduler in order to solve 
problems related to worker  skills, flexibility, and workers’ differences in a manufacturing system.   
This thesis studies PPS as an important activity needed to carry out manufacturing processes in a 
job shop. The main purpose of this activity is to make decisions on how to minimize cost of 
production, increase the quality of products, create effective scheduling in order to reduce make-
span, and improve product delivery time. In order to achieve this, it is very important to incorporate 
HF early in PPS decisions, and applying them to tools, machines, and job task to improve 
production performance. However, HFs such as job skills, job satisfaction, and motivation, job 
rotation, and job fatigue have not been considered fully in the real world of manufacturing, 
especially in PPS process in a job shop. The motivation for this thesis was to reduce this knowledge 
gap. 
 
1.2     Overview and Background of the Case study 
The case study was conducted in a SME. The company is a make-to-order (MTO) manufacturer 
that specializes in designing and manufacturing diverse types of hydraulic cylinders (HC) for 
original equipment manufacturers (OEM) which deal in agricultural mechanization, and for oil 
and gas industries in Canada.  Presently, the company operates using different manufacturing 
process activities such as machining, welding, assembly, testing, painting, packaging and shipping 




Figure 1.1. A general overview of a job shop production process in manufacturing. 
 
As depicted in Figure 1.1 there are seven manufacturing activities that show the full cycle of the 
manufacturing processes currently used in the company. Firstly, the raw materials needed for a job 
in the shop must first be delivered to the inventory unit for their easy movement to the sawing/ 
cutting process and to cut different sizes of steel rod into smaller sizes depending on job 
specifications. Secondly, the cutting job is assigned to the machining process, which comprises of 
manual lathe, drilling and milling machines, with additional computer numerical control (CNC) 
machines and robotic CNC machines for performing different machining operations such as 
threading, turning and drilling on glands and pistons and other parts comprising of HC. Thirdly, 
the machined parts are moved to the welding section to perform welding on the threaded shafts 
with the barrels. Fourthly, all the welded parts are assembled together in the assembling unit. 
Fifthly, all assembled HC is tested, painted if requested by customers and packaging the finished 
products on pallets. Lastly, the final job leaves the job shop to the inventory unit for shipment.     
The types of production processes in a manufacturing company determine the best PPS system to 
the company (Phanden et al., 2012). Since the company adopted a type of production process 
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known as Job shop (JS), the required volume of jobs is mostly low with large variety of products 
as shown in Figure 1.2. This type of production process also keeps the cost of production high and 
requires highly skilled workers to perform the production task. Also, Figure 1.2 shows that flow 
or mass production process is a continuous process system, whereby processed products flow from 
one production line to the other, and the production processes are faster due to low variety and 
high volume because products in this process are mostly similar and less skills among workers are 
required to perform the job. Therefore, flow or mass production process is best for manufacturers 
that produce high volume of products. However, the batch production process involves semi-
skilled workers carrying out the activities of a stage in the production process before moving to 
the next stage. The volume of production is a bit higher than a job shop production process.  
 
                                      Figure 1.2. Classification of production systems. 
 
1.3     Problem Description 
Job scheduling deals with the exact allocation of jobs in a job shop manufacturing system. It is 
complex due to capacity planning and detailed set of operational instructions given to the shop 
floor workers to perform a task (Vollmann et al., 2005). The current situation of the company 
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studied in this research was observed over a period of four (4) months, and the company has a full 
cycle manufacturing operation as explained in the previous section.  When a customer contacts the 
sales unit for a specific HC job design, the sales department contacts the production planning 
department to make a design of the job. The availability of raw materials is checked in the 
inventory. Unavailability of raw materials will result in contacting the vendors and suppliers to 
buy new raw materials for stocking and production. Afterwards, the supplied raw materials are 
delivered to the inventory unit and are then further scheduled to the different work centres on the 
JS floor for execution. At the end of production, HC produced is then delivered to the sales 
department for shipping and delivery to the customer on or before the scheduled delivery date. The 
preceding description is carried out with the company’s decision support tool shown in Figure 1.3.  
In this decision support tool called manufacturing execution system, some of the key menus 
required to make planning and scheduling decisions visible to the shop floor are described below. 
 Quoting and Order Entry  
The main purpose of quoting is to create and maintain current pricing on materials and when to 
receive deliveries from the various vendors.  Order entry, also known as order processing, is the 
act of managing and creating jobs demanded from customers. In this key menu, pieces of 
information such as the quantities of production, routing, pricing and deliveries and material 
requirements are used to schedule job to the shop floor.  
 Shop Floor 
The purpose of the shop floor menu is to create continuous communication between the front shop 
and back of the shop.  This feature also enhances scheduling, particularly when jobs are created 
and sent to the shop floor which enable the workers to know what jobs are on time and behind 
scheduled.  
 Material 
In a manufacturing environment, materials are either manufactured or purchased to meet every job 
demanded from customer. Therefore, the material menu assists production planners to create 
material list in order get best pricing and to know the shelf life of materials to be purchased from 
historical data. In addition, all identification numbers of materials and specific information can be 




 Labor Reporting 
Labor reporting in this manufacturing execution system is a very important function in the job 
scheduling process. This function enables workers on the shop floor to report and enter their time. 
Other functions are to record track time of jobs such as machine hours, labor hours, overtime hours 
if required, make quantity, and scrap quantity as workers login and out to perform a specific 








Figure 1.3. MES Interface, Adopted from Company’s JobBOSS database (11.12 version). 
Recently, some SMEs have adopted the integration of a centralized system known as the enterprise 
resource planning (ERP) for effective data exchange and communication in a manufacturing 
environment (Abdi et al., 2013). However, the software tools such as ERP, material requirement 
planning (MRP), and advanced planning systems (APS) that are meant to be used in managing 
supply chain were discovered to have some inadequacies handling production delays and feedback 
(Akkermans and Dellaert, 2005). Meanwhile, the existing production scheduling system of the 
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company in the case study is presently done manually because of some limitations in the ERP 
system such as workers not performing due diligence in data entry of job processing time in the 
system, absenteeism and sudden resignation of skilled workers. All this behavior causes shortage 
in manpower and insufficient details in the design drawings of a job, which lead to the back-and-
forth movement of workers, while rendering machines and work centre idle.  
The limitations are assumed to also lead to the rework of returned jobs due to some mechanical 
error. This in turn increases the work-in-process (WIP). Also, it was observed and assumed that 
all these manufacturing disruptions are due to human factors (workers). Considering the above 
problems in the company, majority of the issues involves human errors which have led to an 
increase in the number of missed jobs as observed from Figures 1.4 and 1.5. This also indicates 
that, in order to maximize the total performance and efficiency of the manufacturing system, the 
effect of HFs among the workers in a JS need to be investigated to improve the performance of the 
system.     
 
 



















Figure 1.5. Chart of company Job Return Analysis (Adapted from JobBOSS). 
 
1.4     Research Questions 
The general question to be answered by this thesis is: To what extent do human factors influence 
the plan and schedule of a job shop manufacturing system (JSMS) in a SME. It is speculated that 
human factors need to be considered in developing a production plan and schedule (Zhang and 
Lin, 2010). So, to answer this question, a study on the effects of HFs among workers in a SME is 
required, which either validates the speculation or not. This study aimed to examine and investigate 
how the effects of some HFs amongst the shop floor workers influence job performance. The main 
goal of this study was to identify the effect of some human factors along with their relationship on 
job performance in a JSMS. To realize this goal, the following specific questions were raised: 
 
o Question 1. What is the level of job skills, job satisfaction, job fatigue and job rotation 
among the shop floor workers? 
o Question 2. What is the relationship between each of the independent variables (job skills, 
job satisfaction, and job fatigue and job rotation) and the dependent variable (i.e., job 






















Delivery Qty Return Qty
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o Question 3. What is the individual contribution of each of the independent variables to the 
determination of the dependent variable (i.e., job performance) of the workers?  
o Question 4. How do we examine whether the combined effect of the independent variables 
contributes to job performance of the workers or not? 
 
To answer the preceding questions, this thesis designed and conducted a quantitative research to 
generate answers to them. It also identified human factors (independent variables) and investigated 
their relationship to the job performance (dependent variable) of workers in the job shop 
manufacturing system. A test of significance using a Two-Way ANOVA was used in this study. 
This statistical analysis enabled the determination of the correlation between HFs and job 
performance of the system. The Statistical Package for Social Science (SPSS) software version 
25.0 was applied in this thesis to code, collate and analyze the data collected. In addition, tentative 
answers (hypotheses) were developed to the research questions. These hypotheses were tested and 
validated to achieve the main goal of the study.  
 
1.5     Organization of the Thesis 
This thesis is organized into five chapters. The current chapter, Chapter 1, contains the 
introduction, research motivation, background of case study, problem description, and research 
questions. Chapter 2 gives a background summary of the study and review of related works to this 
study as literature review. Chapter 3 presents a description on the research methodology, which 
also comprises of a statistical mathematical model that shows the correlation between the variables 
considered in this study. Furthermore, a detailed analysis of the method of data collection and 
procedure on the research design were described.  Chapter 4 presents the statistical model results 
analysis and discussion of their findings, which also comprises of test of reliability, test of 
normality, testing of hypotheses and descriptive statistics. Finally, Chapter 5 will present the 
conclusion drawn from the study, and recommendation based on the research contribution of the 









2.1    Introduction  
This chapter provides a detailed discussion of the background to understand the proposed research 
and a review of the literature pertinent to the proposed research. Section 2.2 and Section 2.3 present 
a review of the literature on production planning, scheduling in small manufacturing enterprises, 
respectively. Section 2.4 will cover the subject of human factors and its relationship with job 
performance. Section 2.5 discusses the statistical analysis and its application. Section 2.6 presents 
a conclusion of the chapter regarding the need and urgency of the proposed research. 
2.2      Production Planning and Scheduling 
2.2.1    Production planning concept 
Production planning is defined as the involvement of humans during planning execution, capacity 
or resource allocation, and supply of raw materials to determine what should be produced in order 
to achieve customer demands (Samaranayake and Toncich, 2007). There are several roles of 
production planning in manufacturing that involves the entire system planning performance, cost 
of production, and quality of production. This role of production planning enhances most 
manufacturing managers to make sustainable and better decisions. However, production planning 
in manufacturing is the planning of production and manufacturing models in most manufacturing 
industries (Tang et al., 2001). Production planning models involves the integration of allocated 
activities of humans, materials, and production capacity towards effective production control 
(Chambers et al., 2010). Hadidi et al. (2012) defined production planning as a systematic planning 
that involves cost of maintenance and quality control in a production management system. The 
planning and production activities, according to Vollmann et al. (2005), in manufacturing 
emphasize on the allocation of materials properly assigned to various machines and humans to 
improve the system performance. The essence of production planning is to minimize the 
processing time so as to meet up with the delivery date of demands (Kofjac et al., 2010). 
Additionally, the outcome of an effective production planning determines the capacity in receiving 
orders from end users (Choi et al., 2004). According to Choi et al., complex or disrupt production 
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planning may result to inefficiency in the delivery due date and in making decisions for future 
demands. Furthermore, production planning most times in manufacturing comes with other 
production activities such as scheduling, aggregate production planning and control (Gallego, 
2001). According to Derigs and Jenal (2005), they concluded that integrating other production 
activities such as scheduling and aggregate planning into universal production planning is not 
realistic.  In reality, scheduling plays an important role in productivity and on-time delivery of 
products (Ahmadi et al., 2016). However, in delivery of products from any production process to 
distribution unit on time, SME needs a well and sustainable scheduling model that is well 
integrated with production planning (Wang et al., 2015).  
2.2.2    Production scheduling concept 
There are two important questions to be addressed when it comes to production scheduling. First, 
what are the required tasks needed to satisfy production planning. Second, how to allocate these 
tasks to various resources. Therefore, production scheduling from the above questions can be 
defined as a procedure to carry out a particular task within a given period. The main function of 
production scheduling is to minimize the completion time of a job in order to meet with customer 
demands. Production scheduling helps in coordinating production activities successfully, and to 
increase job performance and reduce the cost of operations (Herrmann, 2008). According to Wren 
(1996), scheduling is defined as “the allocation, subject to constraints, of resources to objects being 
placed in space-time, in such a way as to minimize the total cost of some set of resources used.”  
Cox et al. (1992) defined detailed scheduling as “the actual assignment of starting and completion 
dates to operations or groups of operations to show when these must be done if the manufacturing 
order is to be completed on time.”  
In today’s world, most of the manufacturing system that operate a job-shop production process 
always deal with complexity, dynamic and stochastic operational process (Ahmed et al., 2005). 
Despite all the methods developed by most operation managers to tackle complexity and control 
the manufacturing system activities, scheduling problem associated with job shop environment is 
still considered the most difficult task (Asadzadeh, 2015); therefore manufacturing industries need 
to consider the impact of scheduling problems towards productivity (Baker and Trietsch, 2009). 
There are two effective methods used to solve the production scheduling problem namely 
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deterministic method (Floudas and Gounaris, 2009) and predictive method (Paprocka et al., 2016). 
Since the focus of this thesis is based on a MTO process where all scheduling parameters are 
determined before production, it is worth to emphasize little on the deterministic method.  
The deterministic method includes mathematical modelling approaches used to assign jobs to 
different machines stationed in various work centre in order to optimize the fitness of the solution 
(Lin, Tsai and Yu, 2012). This method proves to optimize certain factors such as processing time 
and completion time (Baker and Trietsch, 2013), cost of production and maximizing the quality of 
jobs (Chen and Zhou, 2013). 
One important application with production scheduling is to find a suitable model that captures the 
entire structure of the system and next is to define all the scheduling parameters associated with 
the machines, human, and other specific scheduling details. However, in recent times, most SME 
use ERP systems to enhance, store and manage organizational productivity. Since the case study 
is proposed on ERP software, which foster this thesis research progress, the production scheduling 
methods mentioned above will not be further discussed or utilize.    
2.2.3    Concept of Integrated Production Planning and Scheduling 
PPS are the two most important operational management tasks in a manufacturing company as 
explained in the previous sections. The functions of both tasks play an important role in SME in 
order to meet production demand on time. Furthermore, there are other activities related to PPS 
such as aggregate production planning (APP) and production control (PC), and material 
requirements planning (MRP) (Vogel, Almada-Lobo, and Almeder, 2017). 
According to Vollmann et al. (1997) in Figure 2.1,  production planning is seen as the first phase 
in order to understand the core operations in any manufacturing system. Furthermore, the design 
of the product, materials selection and scheduling of job were captured in the second phase, while 
execution of plans on the shop floor is captured in the third phase. To increase productivity and 
profitability in SME such as JS , both PPS play an important role in order to meet up with 
production demand on time, also to increase optimum planning and utilization of resources (Yang 
et al., 2001). There are series of decision-making processes to be made during PPS activities in 
manufacturing (Pinedo, 2005). The term “activities” in this thesis is referred to operations in a JS 
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such as machining, welding, assembling, testing, painting, and packaging. These activities are 
carried out on the shop floor based on customer order quantity and make quantity within a 
promised date.  Due to complexity in JS, PPS are most times treated independently (Hassani et al., 
2018). According to Chen (2016), there are some special manufacturing system such as mass 














Figure 2.1. Manufacturing planning and control system (Vollmann et al., 1997). 
 
2.3     Related work 
In SME such as JS, production planning in a HC manufacturing company is described as receiving 
job demand based on the design of HC to be manufactured. The quantities and available resources 
are decided in PPS decision models. So, the importance of integrating both PPS is needed to 
efficiently manage operations and to design a more realistic production planning model. In the 
following, related previous work on these issues is presented.   
2.3.1    Small Manufacturing Enterprises 
In general, the operations of SMEs have become obvious. Recently, the term ‘small medium 


























(Ayyagari et al., 2007). Majority of SMEs do not act alone, rather they focus mostly on 
organizational efficiency and productivity. According to (Thanki et al., 2016), SMEs should not 
only emphasize on operational efficiency but rather focus more on external pressures which are 
composed of many factors including environmental, human and customers. According to 
Innovation, Science and Economic Development Canada (2019), an SME has employees ranging 
from 1-99  (Figure 2.2).  And every SME success is crucial in every country’s economy (OECD, 
2017). The term ‘small manufacturing enterprise’ in this thesis is referred to the case study as 
stated in the previous chapter. Furthermore, most of the SME systems are manually operated such 
as the case study mentioned previously. Such systems are composed of non-value added (NVA) 
activities (Choudhary et al., 2019). Additionally, in SMEs, NVA activities such as unnecessary 
movement of workers, idle time spent in each work centre due to workers waiting for information 
on what next to do, thereby increasing the production time and lead time respectively, also defects 
on final product leads to rework and additional material cost, labor cost and machine cost. 
Therefore, it important to note that contributions from humans is significantly related to every 
NVA activity. But none of the previous studies on SME significantly focus on human factors. 
 
Figure 2.2. Contribution and size of small businesses. 
 
2.3.2    Human Factors in Small Manufacturing Enterprise 
There are few important elements to be considered in SME, which are human factors. The concept 
of human factors alludes to the job of humans in a specialized system. Humans are constantly 
involved in most planning processes of manufacturing at various level. The influence of humans 
towards PPS in any SME can determine the system performance, which is also the main issue to 
be addressed in this thesis. Considering the effect of human factors among workers in a SME, 
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studies of HFs and their impacts have raised important observations to be considered, thereby 
making HFs one of the major challenges when optimizing SME. The concept of HF in 
manufacturing system have been seen as the physical human-machines relationship (Lin and 
Zhang, 2004). The growth and success of a SME is dependent on HFs (Brecher, 2015). The 
increase in processing time and lead time in the manufacturing system could be traced to humans, 
therefore the effect of HF is the main issues to be investigated in this thesis. 
Singh et al. (2013) studied the present state of HFs in SME and its effect on the growth of any 
economy especially in India. The researcher investigated 84 micro and SMEs, where HFs such as 
skills, workplace safety, and less satisfaction in wages are poorly implemented. Also, related issues 
of whether HF can contribute to the system were focused on. The research findings showed that 
retentions of workers are very paramount towards the system performance of any SME, provided 
HF can be incorporated effectively.  
 
Furthermore, Alfares (2004) also emphasized on the necessity of integrating human factors into 
workforce and scheduling planning decisions for SME, which may ultimately reduce the total cost 
of production planning and increase motivation among workers, and system performance. 
Following Shokri and Waring (2016), an empirical study investigating the “human-related 
behavior factor” in a German SME. Based on their review and findings, it was recorded that there 
is a strong positive effect between HF and organizational growth and culture. The results also show 
that for a lean manufacturing project to be successful in SME, variables such as education level 
(skills) relating to human factors should be explore and implemented before any manufacturing 
process.      
 
2.4    Human Factors 
Wilson, (2000) defined human factor as “the theoretical and fundamental understanding of human 
behavior and performance in purposeful interacting socio-technical systems, and the application 
of that understanding to the design of interactions in the context of real settings”. In addition, the 
“real settings” used in the definition is referred to as the JSMS used in this thesis case study. Wilson 
(2014) presented more on the fundamental approach of human factors and their effect on system 
performance. Furthermore, literature review from various researchers will cover the following HF 
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such as job skills, job satisfaction, job rotation and job fatigue and it relationship with job 
performance. 
 
2.4.1    Job Skills and Job Performance  
One of the major aims of any manufacturing system is likely to be efficiency in their system 
performance and higher productivity. Job or system performance is equal to individual worker 
performance. According to Alluisi and Fleishman (1982), worker performance is known to be a 
complex entity associated with other individualized variables, such as skills, job satisfaction seen 
as an integral of worker’s performance.  Job performance is the fulfilment of a task by a worker on 
the shop floor. A job characteristics model proposed by Hackman and Oldham (1976) describes 
job skills as the ability required for completing a task. 
In a study involving 80 manufacturing firm, workers’ empowerment such as skills development 
among shop floor workers was found as positively associated with a minimal significant 
relationship with the system performance. Therefore, the higher the  job  skills due to training  
empowerment programs  among workers, the higher the level of performance in the system 
(Patterson et al., 2004). 
Also, a study by Sarmiento et al, (2007) investigated the major determinant of job performance 
amongst workers on the shop floor in a manufacturing plant. They revealed from their finding in 
the various review that the major determinant of job performance in the field of manufacturing is 
viably not available. But according to their research, it was found that skills among workers which 
is acquired by the level of education does not have a significant relationship with job performance. 
Meanwhile, a research study by Ng and Feldman (2009) shows that education level combine with 
job performance are significantly positively related. In addition, this thesis refers education level 
to relate the level of skills. In a similar study, Othman et al. (2012) also incorporated HF (such as 
workers’ skills, and workers’ motivation) into workforce planning using a multi-objective model. 
The result shows a positive effect on decision making that will increase system performance in 
manufacturing.  
According to the findings of Norman et al. (2002), issues of allocating job task to workers in a 
manufacturing cell to achieve maximum performance as organization effectiveness, skills amongst 
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workers was model using a mixed integer programming. The result shows that constant 
consideration of worker’s skills in every job task will improve the cell performance significantly.  
 
2.4.2    Job Satisfaction and Job Performance 
Job satisfaction plays a very crucial role in both system performance and individual worker 
performance. It is assumed that there is a relationship between job satisfaction and job performance 
according to the definition of Vroom (1964) that “human relations might be described as an attempt 
to increase productivity by satisfying the needs of employees”. Several researches on the 
relationship between the two variables have been performed by experts in the field of job design 
for manufacturers. The most significant of them all is the study by Judge et al. (2001), which was 
a semi-quantitative review on job satisfaction and job performance. It was commented that they 
were seven different models that can be used based on past researches in their relationship. But it 
was revealed that few of the models shows the relationship between the two variable as non-
continuous.  
Sarmiento et al., 2007 also found that a few studies relating to job satisfaction and job performance 
did not have a direct correlation to each other, but rather they had some limiting factors (Michael 
et al, 2005). In addition, higher satisfaction does not necessarily result in increase in job 
performance because of several limiting factors such as environment, machine utilization or 
production processes.  
 
2.4.3    Job Rotation and Job Performance 
One important factor to be consider in manufacturing system is job rotation amongst workers on 
the shop floor. It is also assumed that its implementation will increase job performance. According 
to Ajusa and Atambo (2016), Job rotation (JR) in most  organizations can be described as a training 
tool used to facilitate training and educate workers on the job in case there is an emergency for a 
worker to leave the organization due to personal, emotional or physiological effect. Job rotation 
also has been used as a way to sustain and upgrade the various latent skills and experience of 
workers who have been on the job for long. 
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The principle of JR is to move workers around different work centres (WC) to acquire different 
skills and knowledge of the working principle in each WC in order to take up jobs in a case of 
vacancy which is known as internal job switching to increase efficiency in work performance and 
to also optimize production and resilience of the entire operations (Song et al, 2010). Job rotation 
is used to increase machine learning, motivation, sustainability and resilience of workflow in case 
when a worker quit his or her job, also when a worker is injured or facing stress and fatigue (Hinnen 
et al, 1992; Asensio-Cuesta et al, 2012;). More information on the concept of resilience can be 
found in the work of Zhang and Lin (2010). 
In addition, JR helps organizations to keep up its maximum production when they decide to lay-
off workers due to low in demand of jobs from customers.  According to a survey of the field 
report by the researcher taken among the workforce in a small manufacturing enterprise, 64% of 
the shop floor workers are in their late 40s and early 50s which as a result, there is a need to make 
job rotation very necessary among the younger workers so as to replace the older workers when it 
time for them to leave.  
Furthermore, studies show that worker’s boredom and skills variations can be measured based on 
a mathematical programming model incorporating JR in a manufacturing system (Azizi et al., 
2010). The implementation of JR among workers can also reduce the risk of musculoskeletal 
disorder and mental stresses that will eventually increase job performance.  
JR was studied among workers in an automotive manufacturing company that deals with assembly 
lines production process. It was reported that there is a JR schedule developed by using a 
mathematical model which was suggested to be used among workers to minimize workload in 
different task schedule, also to reduce the risk of “work – related musculoskeletal disorder” (Yoon 
et al., 2016). 
In addition, JR was also studied among workers in a manufacturing company that assemble auto-
mechanical parts. It was reported that there is a positive effect of JR among workers on their 
satisfaction (Kaymaz, 2010). Also, in a similar study, a one-way statistical analysis of variance 
(ANOVA) was used to determine the significance of JR among workers and their movement from 
one work station to other. The result shows that there is a significant positive impact of JR on 
workers satisfaction and productivity of the system (Jeon et al., 2016). 
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A field report of the researcher shows that there are some limitations associated with the 
implementation of JR in the company. Most shop floor workers do not understand the concept of 
JR and it future relevant, rather they tend to ask for addition labor cost when they are rotated 
vertically and horizontally. They also see training on the job as a waste of time and averaging their 
skills and work experience. 
2.4.4    Job Fatigue and Job Performance 
The effect of fatigue among workers is also an important factor to be considered. However, the 
effect when high, poses a threat to the entire performance of a system. Fatigue among workers in 
a JS system are due to overloading of task which can result to workers injury (Jaber and Neumann, 
2010). This thesis refers to job fatigue as physical fatigue. Therefore, the need to manage fatigue 
among manufacturing workers cannot be over emphasize. Although, fatigue among workers is 
inevitable, it needs to be considered continually among workers toward production planning and 
scheduling process.  According to the Health and Safety Executive (HSE, United Kingdom), a 
poorly designed planning towards workers schedules without job demands and production line 
balancing respectively can possibly result in physical fatigue and other workplace injuries. 
According to them, fatigue is referred “to the issues that arise from excessive working time or 
poorly designed shift patterns”. 
According to the (Government of Alberta, 2004), fatigue among workers in a workplace is a state 
at which a worker maybe experiencing tiredness either through long schedule hours of task, 
“physical or mental activity” or integration of these different factors mentioned.  It is noted that 
the workplace considered in this thesis is a job shop manufacturing system, where all jobs on the 
shop floor are physically performed. Therefore, the effects of fatigue among the workers can 
reduce a worker’s job performance and organizational productivity (The Energy Institute, 2014).  
In addition, research  by Yeow et al (2014) have been able to investigate some factors that led to 
an increase in work schedule error (WSE) among manufacturing workers. The research shows that 
physical fatigue among other human factors is significantly related to WSE and can reduce job 
performance. Jansen et al (2003) describe the rate at which fatigue found among workers during 
work scheduling can affect workers shifting patterns. They also reported that fatigue rate among 
shift workers significantly reduced when compared to the day shift workers. It is noted in this 
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thesis that the shop floor workers in this study are all day workers which is done across eight (8 
hours) shift a day and five (5 days) a week.  
2.5    Statistical Analysis, Power Analysis and Its Application  
Statistical analysis is one of the common techniques widely used in the field of HF or ergonomics, 
particularly to test for correlation and to make prediction between variables by using various 
statistical test. In order to apply statistical analysis, it is very important to consider the types of 
data, test and variables which is also used to gather and analyze data from surveys such as coding, 
ranking and scoring, validity, reliability, and so on (Creswell, 2014). 
Considering the above statement, there are two types of categories in statistical analysis methods 
namely inferential and descriptive analysis (Creswell, 2014). This thesis focuses on the descriptive 
analysis based on the types of research methodology approach. The research methods for 
collection of data and analysis in most cases includes the quantitative and qualitative method 
(Venkatesh and Brown, 2013). Although, in this thesis, quantitative research methodology was 
adopted (Nelson and Evans, 2014; Creswell, 2014). This method is used to analyze numerical data 
collected through the survey questionnaire to determine the relationship and effect of HF 
considered as variables with the performance of the system.  
The Statistical Package for Social Science (SPSS) software has also been widely used to collate 
and analyze data in the field of human factors or ergonomics. SPSS can be used to interact 
statistical analysis (IBM SPSS, Inc., 2017). Furthermore, the importance of power analysis cannot 
be overemphasized. In order to achieve an appropriate sample size for this study, power analysis 
sample t-test will be conducted using the G*Power calculator (Erdfelder, FAul, Buchner, and 
Lang, 2009). G*Power calculator is a statistical tool used in computing different power analyses 
based on various desired test required for statistical analysis.  
 
2.6    Summary  
The literature review on related work in HF and its relationship in manufacturing system 
performance showed the possibilities that these human factors could also lead to further disruption 
or decision-making factors towards PPS.  The effect and relationship of the HF stated in this study 
were reviewed in this Chapter. Furthermore, the review shows that the various HF mentioned in 
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this study have a relationship with the entire performance of a system. It was also reviewed that, 
in PPS for most SME, little or no consideration is given to HF when planning. Despite the fact that 
sophisticated ERP software system is used in PPS for the case study, previous review shows that 
HF were barely considered. Hence, the proposed research questions as defined in the previous 
chapter are required to be explore in this study as the research gap. Also, the research gap 
motivated the study. Therefore, the research findings is expected to help production planning 







3.1     Introduction  
The main purpose of this chapter is to explain the techniques adopted to collect data related to 
identifying human factors among workers on the shop floor. Section 3.2 stated the research 
hypotheses. Section 3.3 discusses the research design and sampling technique. In Section 3.4, the 
method of data collection and procedure on the research design are discussed. The design of 
questionnaire along with reliability test and pilot testing is analyzed in Section 3.5. Analytical 
technique adopted by the researcher is presented in Section 3.6. As well as the behavioural research 
ethics board approval that was obtained to authenticate the research. The final section provides the 
summary for this chapter. 
 
3.2     Research Hypothesis 
Research hypothesis is one of the vital research tools that aid any research involving investigation 
(Kothari, 2002). Since this study was based on observing and identifying the relationship between 
human factors and job performance among shop floor workers, hypotheses were formulated from 
the research questions and tested accordingly to verify that the main research goal was achieved. 
Following an assumption that HF might contribute to issues described in Section 1.3, these three 
hypotheses were formulated:  
Hypothesis One:  
Ho: There is no significant relationship between each of the variables of job rotation, job   fatigue, 
job satisfaction and job skills and the job performance of the shop floor workers. 
Hi: There is a significant relationship between each of the variables of job rotation, job   fatigue, 
job satisfaction and job skills and the job performance of the shop floor workers; 
Hypothesis Two:  




Hi: There is a significant combined effect of the variables on the job performance of the shop floor 
workers; 
Hypothesis Three: 
Ho: There is no significant individual contribution of each of the variables on the job performance 
of the shop floor workers. 
Hi: There is a significant individual contribution of each of the variables on the job performance 
of the shop floor workers. 
 
3.3     Research Design and Sampling Technique 
This study utilised the ex-post facto research design (Kothari, 2002). According to Kothari (2002), 
the main aim of such research design is to report the findings in a research using different types of 
research surveys, which the researcher has no control over the results presented. Research design 
is seen as an approach to develop strategic direction for research purpose (Kerlinger and Lee, 2000; 
Terrell 2012; Creswell 2013). To capture the population sample for a research study, all 
participants involved or selected must meet the research criteria (Jackson-Martin, 2017). These 
research design also enables the researcher to systematically prove the relationship between 
variables. Sampling involves the selection of a small portion of participants from an entire 
population for research purpose (Bryman et al., 2008). The sample for the present study was 
carefully selected from the entire population, which comprises of 9 shop floor workers and a shop 
floor supervisor in a job shop manufacturing system. Total enumeration technique was used to 
select all the workers in the shop for the present study, based on a power analysis test that was 
carried out using the G*Power calculator to determine the range of sample size needed for this 
research.  
 
3.4     Method of Data Collection 
There are various methods available for data collection involving humans (Chaleunvong, 1980).  
The method used in this study includes observing the shop floor workers, physical interaction with 
workers on their job description and experiences on the job over time. A work and time study were 
also conducted to observe the workers on the shop floor through the company’s ERP system known 
as Exact-JobBOSS (Exact, 2009). A research survey questionnaire was developed based on the 
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work and time study, ERP system, and from the review of literature to collect data for the purpose 
of this research. 
  
3.4.1    Data Collection  
The data used for the purpose of this study is a self-administered survey questionnaire distributed 
among the target population. The items included in the questionnaire are all related to job skills, 
job satisfaction, job rotation, and job fatigue (Appendix B). 
 
3.4.2    Procedure for Data Collection 
The questionnaire (see Appendix B), was issued at the convenience of each respondent. Each 
respondent was informed 2 weeks ahead through the shop floor supervisor with a recruitment letter 
for participations (see Appendix C), and a participant consent form (see Appendix A) before taking 
part in the questionnaire survey. Respondents of this study will have the opportunity to read the 
questionnaire and signify their interest to participate. Also, the procedure will be explained to them 
and their consent will be gotten and approved. They will also have the option to take the 
questionnaire home in order to answer them accurately without time constraints. In total, 9 
questionnaires were distributed to the shop floor workers to obtain their responses regarding job 
skill, job satisfaction, job fatigue and job rotation. The shop floor job performance data for the 
participants were acquired by their supervisors. The whole data acquisition for this study was 
gathered over a 3 - 4 week period by the researcher through the approval of the operations manager.  
The questionnaire used was a closed ended type where each question has a specific and limited 
number of responses, also, each respondent maintains the liberty and responsibility to offer 
answers to the questions. The reason for adopting a questionnaire is for certainty and originality 
on the effect of HF among shop floor workers. Therefore, selection of the questionnaire for 
achieving this objective was the best option chosen based on convenience in reaching out to the 
workers, and easy collection of HF information. 
 
3.5     Design of the Questionnaire 
According to (Statistics Canada, 2009), a questionnaire must be designed to inform the respondents 
the purpose and relevance of a research in a well structured format with texts that have closer 
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meaning to the respondents for proper and clear understanding of the instrument. In this study, the 
questionnaire was designed based on the experiences of workers in a job shop manufacturing 
system. The questionnaire comprises of 2 demographic questions (age group and gender). As 
emphasised in the study by Gibbs (2011), demographics of the survey participants does not 
influence the outcome of the selected items. Therefore, the demographic data collected were 
included as part of the result analysis, but they were assumed to have no significant contribution 
to the research purpose. Also, the questionnaire was used as a primary data collection for HF such 
as job performance, job skills, job satisfaction, job rotation, and job fatigue, which is further 
categorized into the dependent and independent variables respectively (Table 1). Each factor as 
well as response (i.e., job performance) is treated as a continuous variable and its value is in the 
domain of [1, 5]. It is noted that the subject response was quantified based on a 5-point Likert scale 
with 1 standing for ‘strongly disagree’, 2 for ‘disagree’, 3 for ‘neither agree not disagree’, 4 for 
‘agree’ and 5 for ‘strongly agree’, and the average of the responses from all the subjects was used 
when a linear regression procedure was performed. In the designed questionnaire, there are thirty-
seven items which are all questions. The questions were further divided into five sections for the 
purpose of clarity to the respondents. Each section comprises of a several items (questions), as 
shown in Table 3.1. From Table 3.1, the first column comprises of the different variables 
considered for the question formulation, and the second column shows the research questions to 
be responded too and finally, the third column shows the numbers of questions for each variable 














Table 3.1.  Questionnaire structure.  




variable (1):  
job skills 
There is no significant relationship between job skills and 
the job performance of the workers.  14 
Independent 
variable (2):  
job satisfaction  
There is no significant relationship between job 
satisfaction and job performance of the workers. 8 
Independent 
variable (3):  
job rotation  
 There is no significant relationship between job rotation 
and the job performance of the workers. 2 
Independent 
variable (4):  
job fatigue 
There is no significant relationship between job fatigue 
and the job performance of the workers. 6 
Dependent 
variable:  
job performance  
There is no significant individual contribution of each of 
the independent variables to the determination of job 
performance of the workers. 7 
 
3.5.1    The Conceptual Framework Model 
Figure 3.1 shows the relationship between the job skills, job satisfaction, job rotation, and job 
fatigue along with the workers job performance. According to the literature review on each 
independent variable as shown in Figure 3.1, it was concluded that each independent variable has 
an effect on job performance from the viewpoint of different researchers. The main goal of this 
conceptual framework is to investigate the effect of these human factors altogether and to know 




Figure 3.1. The relationship between human factors among workers and job performance. 
3.5.2    Reliability Analysis and Pilot Testing 
A pilot test and reliability test of measure were conducted on the survey questionnaire to determine 
the consistency and how the items in the instrument are related to each other. According to 
(Brancato et al., 2006) questionnaire should be tested probably once for adequate construction, 
and to determine the completion time.  A reliable research is said to be tested for quality and 
consistency (Trochim and Trochim, 2006). A pilot test was carried out. The test ensures that the 
survey questionnaire was designed to measure internal consistency when re-tested. The designed 
questionnaire was pretested during the fourth months work and time study. However, pilot testing 
and validation will be based on the content and face validity through remarkable experts in the 
field of manufacturing. The result of the pilot test led to restructuring of the items. The reliability 
analysis for this study was measured using coefficient alpha (α) also known as Cronbach’s Alpha. 
The Cronbach’s Alpha is a common indicator mostly used to test for internal consistency and 
reliability of a construct.  Cronbach’s alpha is the most commonly and acceptable measurement to 
test for internal consistency of a design questionnaire (Kothari, 2002), and consisting of multiple 
Likert scales and items (Norman, 2010). According to Cronbach (1990), the acceptable Cronbach 
alpha is 0.70 and above. Cronbach’s alpha value less than 0.60 is generally considered as weak 
and this indicates that the data is not reliable and not consistent. 
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3.6     Statistical Modeling 
Modeling in statistics shows the mathematical expression of how variables relates with each other. 
The mathematical relationship between the independent variables (job skills, job satisfaction, job 
rotation, job fatigue) and the dependent variable (job performance) as shown in Fig 3.1 is expressed 
mathematically as shown below in Equation (3.2) (Rencher and Schaalje, 2007). 
Let, 
  𝐽𝑆𝑘 : represents job skills, as an independent variable   𝑋1. 
  𝐽𝑆𝑎: represents job satisfaction, as an independent variable   𝑋2; 
  𝐽𝑅𝑜: represents job rotation, as an independent variable   𝑋3; 
  𝐽𝐹𝑎: represents job fatigue, as an independent variable   𝑋4; 
  𝐽𝑃𝑒𝑟𝑓: represents job performance, as a dependent variable   𝑌 
According to a standard linear regression mathematical model (Rencher, 2000),  
𝑌 = 𝛽0 + 𝛽1𝑋                                                                                                         (3.1) 
Equation (3.1) represent the regression equation. This equation is used to analyze the relationship 
between independent and dependent variables. Nonetheless, the multiple linear regression model 
will be used to statistically analyze the responses between the variables and is expressed as seen 
in Equation (3.2). 
                   𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 +  ⋯ ⋯ ⋯ 𝛽𝑛𝑋𝑛 + 𝜀                                       (3.2) 
If,               𝑌 = 𝛽0 + 𝛽1𝑋                
Then,         𝐽𝑃𝑒𝑟𝑓 = 𝑓( 𝐽𝑆𝑘 ,  𝐽𝑆𝑎 , 𝐽𝑅𝑜 , 𝐽𝐹𝑎)  
Therefore, 





 𝛽0  : intercept of job performance; 
 𝛽1  : Coefficient of job skills 
 𝛽2  : Coefficient of job satisfaction 
 𝛽3  : Coefficient of job rotation 
   𝛽4  : Coefficient of job fatigue 
 𝜀    : Error  
3.6.1    Data Analysis Technique 
The statistical analysis method adopted for this study is the power analysis test, test of normality, 
reliability statistics test, descriptive statistics and regression method for the data collection 
analysis. The Statistical Package for Social Science (SPSS) software version 25.0 was used to 
collate and analyze the data collected. While G*Power calculator was used to conduct a power 
analysis in order to determine an appropriate sample size. Also, in order to justify the sample size 
(N) used in this research, t-Tests Linear multiple regression and A priori analysis were selected to 
compute the required N using the G*Power calculator.   
Based on the statistical analysis method, a test for normality was conducted. Since the sample data 
in this study were collected over a certain population distribution, it is assumed that the data 
collected is normally distributed for each category of the independent variables. Statistically, we 
have different methods to test for normality. In this study, the W/S test for normality was used. In 
this test, the critical values as shown (see Appendix F) was used to determine if the null hypothesis 
should be accepted or rejected. In addition, if the calculated q value falls within the critical range 
of q for W/S normality test, then the null hypothesis is accepted. But if the calculated value is 
found to be outside the critical range, then we reject the null hypothesis. The null hypothesis for 
this normality test states that the data are taken from a normally distributed population. Therefore, 
to establish the normality of the data, the null hypothesis must be accepted if the calculated data 
test statistic (q) lies within the critical values (Kanji, 2006; Nosakhare and Bright, 2017). 
Specifically, Equation 3.4 shows the ratio of two variances of a normal distribution of n 
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observations. The numerator is the range which is the difference between maximum value obtained 
and the minimum value obtained in a descriptive statistics test. The denominator is the standard 
deviation.  Therefore, the standard deviation and the range are first determined. Then the statistic 
test Equation 3.4 is computed for each predictor.  
                  𝑞 =
𝑤
𝑠
                                                                                         (3.4)                                                            
Where q represents the statistic test, which is calculated by Equation 3.4. s represents the standard 
deviation of the data, w represents the range of the data.  
The descriptive statistics such as means, standard deviations, and skewness were used to analyze 
the level of job skills, job satisfaction, physical fatigue and job rotation (independent variables) 
among the shop floor workers. In addition, the demographic information (age group and gender), 
was analyzed by percentages and frequency, followed by a power analysis. Also, reliability 
statistics test was computed to measure the internal consistency for each variable using the 
Cronbach’s alpha coefficient. Cronbach’s alpha is better and widely used when assessing the 
internal consistency of a questionnaire, that is, to determine if the items stated on the questionnaire 
are truly measuring the same construct. In addition, to further understand the relationship between 
the independent variables and dependent variable, Pearson product moment correlation was used 
to give rise to the correlation matrix. Finally, the research hypotheses were tested using both 
Pearson product moment correlation and multiple linear regression analysis. Also, it is important 
to know that in this thesis, the statistically significant level (α = 0.05), that is 95% confidence level 
was adopted throughout the experiment. 
3.6.2    Model Validity 
In this study, the validation technique that was used to validate the model is the Leave-one-out 
cross validation (LOOCV) technique. This type of technique is performed by repeating N 
observation test, where N, is the sample size based on the actual data set collated from the research 
survey. Therefore, in each repetition of the dataset, the first data point is taken out as a test set, 
while fitting the model with the remaining eight data points as the training set and prediction of 




3.6.3    Ethical Approach 
There is a fundamental requirement in research involving humans that must meet with the required 
scientific and ethical standard in order to respect and protect the research participants. According 
to the Behavioural Research Ethics Board (Beh-REB) of the University of Saskatchewan, studies 
involving human factors in any organization for the use of research purposes will require REB 
review. Therefore, before administering the research instrument to carry out such research survey, 
foreseeable risks to research participants and what potential benefits can be use to minimized such 
risks are the required assessment from the REB review that the researcher must go through (Tri-
Council Policy Statement, 2014). The research participant consent form detailing the research 
description, purpose of the study, options in participating, researchers and REB contact 
information, and reassurance to participant that they can refuse to carry on with the study at any 
time were provided to the research participants before commencing with the study (Appendix A). 
The above stated procedure is needed to ensure that the ethical approach requirement towards the 
research questions as stated in Chapter 1 is met (Appendix D and Appendix E). 
3.7     Summary 
The purpose of this chapter is to explain the methodology and strategies that the researcher use in 
collecting data and analyzing them. The participants for the research were the shop floor workers 
in a small manufacturing enterprise that produce hydraulic cylinders. Furthermore, a statistical 
mathematical model showing the relationship among the independent variables and the dependent 
variable was derived. In addition, to ascertain the validity and reliability for the data collected 
during this study, a test for internal consistency was carried out using the Cronbach alpha as a 
measurement to test the strength of the construct consistency and instrument reliability. Also, the 
validity of the regression model was carried out using leave one out cross validation technique. 
Furthermore, a test of normality was conducted to ascertain that the data used for this study are 
normally distributed. In addition, to analyze the statistical model, the multiple linear regression 
analysis will be solved using the statistical software known as SPSS to analyze the data collected 
during this study. Also, to respond to the research questions. The following chapter will present 






RESULTS AND DISCUSSIONS 
4.1    Introduction  
The results obtained from the statistical data analysis along with findings of the study are presented 
and discussed in this chapter. This chapter consists of five subsections. The first subsection 
(Section 4.2) presents the sample size power analysis calculation. The second subsection (Section 
4.3) presents the demographic profile of the respondents, including the discussion of their findings. 
The third subsection (Section 4.4) will present the reliability statistics testing measurement 
between the dependent and independent variables, research findings by descriptive analysis to 
determine the level of job skills, job satisfaction, job fatigue and job rotation among the workers 
from research question one, testing of normality and hypotheses. The fourth subsection (Section 
4.5) contains the validation of multiple linear regression model. Finally, the fifth subsection 
(Section 4.6) will focus on discussion of the outcome of the hypotheses outlined in Chapter 3. This 
section also includes the results of correlation testing based on the multiple linear regression model 
developed in Chapter 3. 
4.2    Sample Size - Power Analysis  
The following parameters were assumed and selected to compute the sample size (N) and Actual 
power (Erdfelder, Faul, Buchner, and Lang, 2009). 
t tests - Linear multiple regression: Fixed model, single regression coefficient 
Analysis: A priori: Compute required sample size  
Input: Tail(s) = One 
 Effect size f² = 0.8 
 α error prob = 0.05 
 Power (1-β error prob) = 0.80 
 Number of predictors = 4 
Output: Non-centrality parameter δ = 2.9664794 
 Critical t = 1.9431803 
 DF = 6 
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 Total sample size = 11 
 Actual power = 0.833196 
In the preceding list, DF stands for the degree of freedom, β and α stands for the probability of a 
type II error and type I error, respectively. Therefore, 1-β is denoted as the statistical power.  Based 
on the assumed input parameters shown above, the statistical actual power was computed as 83 %, 
with a sample size of 11, which is a bit higher than the sample size used in this study. Figure 4. 1 
shows the X-Y plot between the power and various sample size. (N = 9), at a 5% significant level1, 
resulting in a power of 71 %. Table 4.1 further shows the values of various sample size and their 
corresponding power. However, the expected statistical power for most experiments should be 
80% or higher. Since the size of the firm surveyed in this study is a small manufacturing company, 
where only a limited number of workers is available. This is a limitation of this study and needs to 


















                                                             
1 In human factors studies, usually 5% is chosen. This choice is empirical.  
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Table 4.1. Power analysis test results 
# Total sample 
size 
Power (1-β err prob) 
1 6.00000 0.268831 
2 7.00000 0.471107 
3 8.00000 0.614227 
4 9.00000 0.711911 
5 10.00000 0.781656 
6 11.00000 0.833196 
7 12.00000 0.872072 
8 13.00000 0.901732 
9 14.00000 0.924500 
10 15.00000 0.942029 
11 16.00000 0.955537 
12 17.00000 0.965945 
13 18.00000 0.973958 
14 19.00000 0.980118 






Figure 4.1. Relationship between power and various sample size. 
 
4.3    Demographic profile of the respondents on the shop floor 
As mentioned previously, the number of questionnaires administered were 9 in total. The number 
of valid responses obtained were 9 in total as well, which results to a total response rate of 100 %.  
This means there was no missing data as shown in Tables 4.2 and 4.3, while Table 4.4 shows the 



























t-tests- Linear multiple regression: Fixed model, single regression coefficient
Tail(s)= One, Number of predictors = 4, α err prob = 0.05, Effect size = 0.8
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Table 4 .2. Case processing summary. 
case processing summary 
 N % 
Cases Valid 9 100.0 
Excludeda 0 .0 
Total 9 100.0 
 
Table 4.3. Gender distribution of respondents. 
Gender 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Male 8 87.5 87.5 87.5 
Female 1 12.5 12.5 100.0 
Total 9 100.0 100.0 
 





Figure 4.2. Pie chart showing the gender distribution of respondents. 
From Table 4.3, the shop floor workers were more of male, which accounted for 87.5 %, compared 
to female of 12.5 %.  
Table 4.4 shows the age distribution of the shop floor workers. Majority of the workers belong to 
the age group of 31-35 years which has the highest percentage of 37.5 %, followed by the workers 
in the age bracket of 26-30, accounting for 25 %, those under the age of 25, accounted for 12.5 %, 








Table 4.4. Age distribution of respondents. 
Age 
 Frequency Percent Valid Percent Cumulative Percent 
Valid under 25 1 12.5 12.5 12.5 
26-30 2 25.0 25.0 37.5 
31-35 3 37.5 37.5 75.0 
over 36 2 25.0 25.0 100.0 
Total 8 100.0 100.0  
Source: Researcher’s field survey (2019). 
 
Figure 4.3. Bar chart showing the age distribution of respondents. 
4.4    Reliability and Validity of Measurement 
Table 4.5 shows that the Cronbach Alpha coefficients ranges from (0.692) for Job Fatigue to 
(0.953) for Job Satisfaction. The overall Cronbach’s coefficient alpha obtained for the independent 
variables is (α = 0.954), which is found to be internally consistent with each other. Also, the 
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Cronbach’s alpha for the dependent variable is 0.900. In addition, the Cronbach's Alpha coefficient 
in Table 4.4 shows that the questionnaire is good and reliable, as most of the (α) values are higher 
than 0.70 except for job fatigue with a value of (0.692), which is also acceptable when 
approximated.  
 
Table 4.5. Reliability Statistics Test. 









0.864 0.872 14 
Job 
Satisfaction 
0.953 0.956 7 
Job Fatigue 
0.692 0.726 6 
Job Rotation 
0.814 0.827 2 
Job 
Performance 
0.9 0.905 7 
Source: Researcher’s field survey (2019). 
 
4.4.1    Descriptive Statistics  
Regarding Research Question 1 (i.e., the level of job skills, job satisfaction, job fatigue and job 
rotation among the shop floor workers), the responses of the participants are associated with the 
questions of job satisfaction to job rotation (Appendix B). These variables are continuous, and 
their values are rated in a scale of [1, 5] (see Appendix B). The result is presented in Table 4.6. 
From Table 4.6, it is noted that the mean score of 3.49 with a standard deviation (SD = 0.617) for 
job skills is higher than the average expected score of 2.50. The mean score of 3.76 with a standard 
deviation (SD = 0.792) for Job Satisfaction is higher than the expected average score of 2.50. Also, 
the expected average scores for both Job Fatigue and Job Rotation are less than the average scores 
obtained (mean score of 3.48 and 3.72 with SD = 0.626 and 0.905) respectively which are higher 
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than the expected average score of 2.50. It can be concluded that the obtained means for the four 
independent variables are higher than the expected averages. Therefore, it shows that the shop 
floor workers meet their expectations. (i.e., their level of skill is high, they are satisfied, they are 
often rotated and finally, they are also fatigued)  
 
Table 4.6. Descriptive statistics of the level of job skills, job satisfaction, and fatigue and job 
rotation of the shop floor workers. 
                 n=9 
 Job Skills Job Satisfaction Job 
Fatigue 
Job Rotation 
Mean 3.49 3.76 3.48 3.72 
Std. Deviation 0.617 0.792 0.626 0.905 
Skewness -2.015 -1.536 -2.017 -0.535 
Std. Error of Skewness 0.717 0.717 0.717 0.717 
Minimum Value Obtained 2.00 2.00 2.00 2.00 
Maximum Value Obtained 4.14 4.63 4.00 5.00 
 
4.4.2    Test of Normality 
This section presents the result of the test for normality. According to Equation 3.4, calculated q- 
values as reported in Table 4.7, shows that each variable test statistics (q) falls within the critical 
range for 95 % confidence level (see Appendix F). A test statistic (q = 3.47) for Total_JobSkills 
which lies inside the critical range value, (q = 3.32) for Total_JobSatisfaction also lies within the 
critical range value, (q = 3.19) for Total_JobFatigue and Total_JobRotation (q = 3.31) all lies 







  Table 4.7. Normality test based on calculated values of W/S statistic test.  
  
    




Critical value for 95% 
confidence level  
Result 
        (α = 0.05)   
Total_JobSkills 8.638 30 3.47 2.59 - 3.552 ND 
Total_JobSatisfaction 6.333 21 3.32 2.59 - 3.552 ND 
Total_JobFatigue 3.571 11 3.19 2.59 - 3.552 ND 
Total_JobRotation 1.810 6 3.31 2.59 - 3.552 ND 
𝑞𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑅𝑎𝑛𝑔𝑒2.59 𝑡𝑜 3.552; for n = 9 
ND: normally distributed 
4.4.3    Testing of the Hypotheses  
With regard to Research Question 2; the relationship between each of the independent variables 
(job skills, job satisfaction, job fatigue and job rotation) and the dependent variable (i.e., job 
performance of the workers), the following null hypothesis was devised (see the previous 
discussion in Chapter 3), namely, there is no significant relationship between each of the 
variables of job rotation, job fatigue, job satisfaction and job skills and the job performance 
of the shop floor workers.  
From the analysis using Pearson product moment correlation, the results obtained are as presented 
in Table 4.7.  Table 4.7 shows that there is a statistically significant relationship between the job 
skills and job performance (r=0.832, p=0.003). It also depicts that there is a statistically significant 
statistically relationship between job fatigue and job performance (r=0.974, p=0.000). Also, there 
is a significant relationship between job satisfaction and job performance (r=0.614, p=0.039), and 
between job rotation and job performance (r=0.601, p=0.044). Based on the R-values, all the 4 
independent variables reveal that there is a positive correlation with the dependent variable. Also, 
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we reject the null hypothesis (Ho) if p-value is less than or equal to 0.05. Therefore, the null 
hypothesis (Ho) is rejected while the alternative hypothesis (Hi) is accepted. This means that the 
job skills, job fatigue, job rotation and job satisfaction all have positive relationship on job 
performance of the workers, and they are all statistically significant with job performance.   
 
Table 4.8. Correlation matrix showing the relationship between each of the predictor variables of 
job rotation, job fatigue, job satisfaction and job skills and the job performance. 
 








Job Skills 1     
Job Satisfaction 0.768* 
(0.016) 
1    




1   
















     *. Correlation is significant at the 0.05 level, **. Correlation is significant at the 0.01 level 
      
With regard to Research Question 3, the individual contribution of each of the independent 
variables to the dependent variable (i.e., job performance of the workers), the following null 
hypothesis was devised (see the previous discussion in Chapter 3), namely, there is no significant 
combined effect of the predictor variables on the job performance of the shop floor workers. 
The analysis of variance component of the multiple linear regression analysis was used to test and 
make inference on the above hypothesis. The results from the analysis are as presented in Table 
4.8. From this Table 4.8, results show that the independent variables (job rotation, job fatigue, job 
satisfaction and job skills) combine to influence the dependent variable, job performance of the 
shop floor workers (F (4,4) = 79.643, p=0.000). The results suggest that the four independent 
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variables account for 98.8% of the variance in job performance, which is also significant at 
p=0.000. The implication of this result is that the job performance of the shop floor workers could 
be highly influenced by these four factors while other factors would only account for 1.2% 
variation towards job performance. Since, the F-value is large at (p-value = 0.000), therefore the 
null hypothesis (Ho) is rejected and the alternative hypothesis (Hi) is accepted. This implies that 
the job skills, job fatigue, job rotation and job satisfaction all have individual contribution towards 
the job performance of the workers.  
 
Table 4.9. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
1 .994a .988 .975 .104 79.643 .000 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 





Model Sum of Squares df Mean Square F Sig. 
1 Regression 3.467 4 .867 79.643 .000a 
Residual .044 4 .011 
  
Total 3.510 8    
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 
b. Dependent Variable: Employee’s job performance 
 
With regard to Research Question 4, how do we examine whether or not the combined effect of 
the independent variables contributes to job performance of the workers, the following hypothesis 
was devised (see the previous discussion in Chapter 3), namely, there is no significant individual 
effect of the predictor variables to the determination of job performance of the workers.  
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According to the multiple linear regression analysis used, to determine whether each of the 
predictor variables significantly contribute to the determination of job performance of the worker. 
The results obtained are as shown in Table 4.9. Table 4.9 shows the contribution of each of the 
predictor variables to the model determining the job performance of the shop floor workers, and 
using the Unstandardized Coefficients based on the multiple linear regression model (MLRM) as 
specified in equation (3.3), which is further modified as equation (4.1). 
 
𝐽𝑃𝑒𝑟𝑓 = 0.024 + (−0.433  𝐽𝑆𝑘 ) + (−0.097  𝐽𝑆𝑎 ) + (0.164  𝐽𝑅𝑜 ) + (1.369  𝐽𝐹𝑎 ) + 𝜀        (4.1) 
 
From the results, only the beta value (β =1.369) of job fatigue was found statistically significant 
at 0.05 level of significance. The model specifies that increasing job skills of the workers by one 
unit will lead to a decrease in their job performance by 0.433 units. Also, increasing the job 
satisfaction of the workers by one unit will lead to a decrease in job performance by 0.097 units. 
However, an interesting finding in the model show that an increase in job fatigue by one unit will 
lead to increase in job performance by 1.369 while increasing job rotation by one unit will lead to 
increased job performance by 0.164. Furthermore, the predictor variables could be arranged in a 
decreasing order of magnitude of their contribution to the prediction of job performance as Job 
fatigue, job rotation, job satisfaction and job skills as in equation (4.2). 
 
𝐽𝑃𝑒𝑟𝑓 = 0.024 + 1.369  𝐽𝐹𝑎 + 0.164  𝐽𝑅𝑜 −0.097  𝐽𝑆𝑎 −0.433  𝐽𝑆𝑘 + 𝜀                                  (4.2) 
 
Therefore, null hypothesis (Ho) is rejected and the alternative hypothesis (Hi) is accepted. This 
implies that there is a significant contribution between job fatigue and job performance, while 









Table 4.10. Multiple linear regression coefficients of the individual contributions of the predictor 





t Sig Remarks 
 β Std. 
Error 
Beta    
(Constant)  0.024 0.217  0.111 0.917  
Job Skills -0.433 0.182 -0.403 -2.380 0.076 ns* 
Job Satisfaction -0.097 0.111 -0.116 -0.880 0.428 ns* 
Job Fatigue  1.369 0.152 1.294 9.023 0.001 s** 
Job Rotation  0.164 0.078 0.225 2.116 0.102 ns* 
  Dependent Variable: Employee Job Performance. *ns- not significant. **s- significant.                          
4.5    Validation of the multiple linear regression coefficient model 
Due to the small sample size, N = 9, and for the purpose of model validation, the realistic technique 
in order to validate our model is to perform a leave-one-out cross validation. The general idea is 
to leave one data sample out as the test set, and further run the system with all the other data 
samples as the training set and see the prediction for the job performance. The various result of the 
human factors considered and their prediction on job performance were computed as shown in 
Table 4.11 – Table 4.19.  
From the regression coefficient result in Table 4.11, none of the beta value of the predictors was 
found statistically significant at 0.05 level of significance for the first model testing. However, in 
the second model testing, the coefficient result in Table 4.12 shows that only the beta value (β 
=1.4410) of job fatigue was found statistically significant at 0.05 level of significance. The third 
model testing in coefficient result in Table 4.13, further shows that job fatigue is statistically 
significant at 0.05 level of significance for a (β =1.47568). In addition, no significance was 
reported regarding the beta value of all the predictors as shown in the coefficient result in Table 
4.14 for the fourth model testing. Furthermore, the coefficient result in Table 4.15 for the fifth 
model testing, shows that there is no statistical significance for the beta value of all the predictors. 
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Moreover, it is found that job fatigue was statistically significant at 0.05 level of significance in 
the sixth model testing as shown in the coefficient result in Table 4.16 with a beta value (β 
=1.4410). Similarly, from the coefficient result in Table 4.17, it is found that job fatigue was again 
statistically significant at 0.05 level of significance in the seventh model testing. Therefore, only 
the beta value (β =0.7012) of job fatigue was significant in the job performance of the employee. 
Additionally, for both model testing eight and nine, as shown in Table 1.18 and Table 1.19, it is 
further revealed that no predictors in the dataset was found statistically significant.  
Consequently, the model summary results were used to find if the combined effect of the predictors 
obtained by each model summary tables in Table 4.11 – Table 4.19 is significantly different from 
that obtained in Table 4.9. For each of the sample data point considered in the dataset, only two 
data point in model 4 and model 8, shows no significant effect on job performance. While the 
results obtained for the rest data points had a (p-value < 0.05), indicating that there is a statistical 














Table 4.11. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
1 .962a .925 .826 2.058 9.281 0.049 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
1 Total_JobSkills 117.140 1 117.140 45.597 0.0134* 
  Total_JobSatisfaction 0.265 1 0.265 0.1673 0.8187 
  Total_JobFatigue 33.839 1 33.839 13.8926 0.0664 
  Total_JobRotation 6.046 1 6.046 2.9612 0.3181 
  Residuals 12.710 3 4.237     
  Total 170 7       
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






Coefficients   t value Sig. Remarks 
                  β Std. Error       
(Intercept) 1.63428 4.23269 0.386 0.7252   
Total_JobSkills -0.02439 0.22618 -0.108 0.9209 ns* 
Total_JobSatisfaction -0.14934 0.27304 -0.547 0.6225 ns* 
Total_JobFatigue 1.21326 0.43799 2.770 0.0696 ns* 
Total_JobRotation 0.93245 0.78055 1.195 0.3181 ns* 
a. Dependent Variable: Employee Job Performance. *ns- not significant. **s- significant. 
48 
 
Table 4.12. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
2 .997a 0.954 0.893 1.618 15.65 0.024 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
2 Total_JobSkills 119.433 1 119.433 45.597 0.006634* 
  Total_JobSatisfaction 0.438 1 0.438 0.1673 0.709981 
  Total_JobFatigue 36.389 1 36.389 13.8926 0.033638* 
  Total_JobRotation 7.756 1 7.756 2.9612 0.183767 
  Residuals 7.858 3 2.619     






Coefficients   t value Sig. Remarks 
             β Std. Error       
(Intercept) 1.5515 3.3232 0.467 0.6724   
Total_JobSkills -0.1615 0.2042 -0.791 0.4868 ns* 
Total_JobSatisfaction -0.0950 0.2168 -0.438 0.6910 ns* 
Total_JobFatigue 1.4410 0.3820 3.772 0.0326 s* 
Total_JobRotation 1.0241 0.5951 1.721 0.1838 ns* 




Table 4.13. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
3 .974a .948 .878 1.719 13.64 0.029 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
3 Total_JobSkills 117.309 1 117.309 39.7117 0.008073* 
  Total_JobSatisfaction 0.287 1 0.287 0.0973 0.775511 
  Total_JobFatigue 40.995 1 40.995 13.8779 0.033684* 
  Total_JobRotation 2.546 1 2.546 0.8619 0.421686 
  Residuals 8.862 3 2.954     






Coefficients   t value Sig. Remarks 
             β Std. Error       
(Intercept) 1.43894 3.53417 0.407 0.7112   
Total_JobSkills -0.14352 0.21549 -0.666 0.5530 ns* 
Total_JobSatisfaction -0.02642 0.25191 -0.105 0.9231 ns* 
Total_JobFatigue 1.47568 0.43185 3.417 0.0419 s* 
Total_JobRotation 0.64273 0.69231 0.928 0.4217 ns* 
a. Dependent Variable: Employee Job Performance. *ns- not significant. **s- significant. 
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Table 4.14. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
4 .960a .921 .816 2.047 8.767 0.052 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
4 Total_JobSkills 110.964 1 110.964 27.4851   0.01422* 
  Total_JobSatisfaction 1.151 1 1.151 0.2748 0.63638 
  Total_JobFatigue 27.611 1 27.611 6.5902     0.08270 
  Total_JobRotation 7.204 1 7.204 1.7195 0.28109 
  Residuals 12.569 3 4.190     






Coefficients   t value Sig. Remarks 
             β Std. Error       
(Intercept) 1.72741 4.20245 0.411 0.7089   
Total_JobSkills -0.03319 0.22833 -0.145 0.8936 ns* 
Total_JobSatisfaction -0.12052 0.29887 -0.403 0.7138 ns* 
Total_JobFatigue 1.15280 0.45202 2.550 0.0839 ns* 
Total_JobRotation 0.98629 0.75213 1.311 0.2811 ns* 




Table 4.15. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
5 .961a .925 .825 2.073 9.247 0.049 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
5 Total_JobSkills 137.638 1 137.638 32.0226   0.01093* 
  Total_JobSatisfaction 0.068 1 0.068 0.0157 0.90813 
  Total_JobFatigue 16.723 1 16.723 3.8906     0.14310 
  Total_JobRotation 4.553 1 4.553 1.0592 0.37911 
  Residuals 12.894 3 4.298     






Coefficients   t value Sig. Remarks 
             β Std. Error       
(Intercept) 1.526037 4.631904 0.329 0.763   
Total_JobSkills -0.007052 0.271644 -0.026 0.981 ns* 
Total_JobSatisfaction -0.146901 0.303691 -0.484 0.662 ns* 
Total_JobFatigue 1.166970 0.531494 2.196 0.116 ns* 
Total_JobRotation 0.931924 0.905489 1.029 0.379 ns* 




Table 4.16. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
6 .982a .965 .919 1.357 20.9 0.016 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
6 Total_JobSkills 107.076 1 107.076 58.1399   0.004683** 
  Total_JobSatisfaction 0.171 1 0.171 0.0930 0.780340 
  Total_JobFatigue 33.455 1 33.455 18.1651       0.023692* 
  Total_JobRotation 13.272 1 13.272 7.2066 0.074762 
  Residuals 5.525 3 1.842     






Coefficients   t value Sig. Remarks 
             β Std. Error       
(Intercept) -1.4273 3.1908 -0.447 0.6850   
Total_JobSkills 0.1660 0.1755 0.946 0.4140 ns* 
Total_JobSatisfaction -0.7439 0.3413 -2.179 0.1174 ns* 
Total_JobFatigue 1.0868 0.2891 3.759 0.0329 s* 
Total_JobRotation 2.8943 1.0782 2.685 0.0748 ns* 
a. Dependent Variable: Employee Job Performance. *ns- not significant. **s- significant. 
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Table 4.17. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
7 .993a .987 .971 .7951 58.92 0.003 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
7 Total_JobSkills 128.369 1 128.369 203.060 0.001** 
  Total_JobSatisfaction 11.708 1 11.708 18.521 0.023* 
  Total_JobFatigue 6.250 1 6.250 9.887 0.051* 
  Total_JobRotation 2.650 1 2.650 4.193 0.133 
  Residuals 1.897 3 0.632     






Coefficients   t value Sig. Remarks 
             β Std. Error       
(Intercept) 1.3411 1.6340 0.821 0.4719   
Total_JobSkills 0.3057 0.1171 2.612 0.0795 ns* 
Total_JobSatisfaction -0.3133 0.1104 -2.838 0.0657 ns* 
Total_JobFatigue 0.7012 0.2041 3.435 0.0414 s* 
Total_JobRotation 0.6225 0.3040 2.048 0.1331 ns* 
a. Dependent Variable: Employee Job Performance. *ns- not significant. **s- significant. 
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Table 4.18. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
8 .867a .752 .420 1.909 2.269 0.2635 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
8 Total_JobSkills 2.4151 1 128.369 0.6628 0.4752 
  Total_JobSatisfaction 6.8204 1 11.708 1.8717 0.2647 
  Total_JobFatigue 18.0351 1 6.250 4.9492 0.1126 
  Total_JobRotation 5.7973 1 2.650 1.5909 0.2964 
  Residuals 10.9321 3 3.6440     






Coefficients   t value Sig. Remarks 
             β Std. Error       
(Intercept) 10.66708 12.73346 0.838 0.464   
Total_JobSkills -0.07446 0.22146 -0.336 0.759 ns* 
Total_JobSatisfaction -0.24027 0.27267 -0.881 0.443 ns* 
Total_JobFatigue 1.04098 0.45052 2.311 0.104 ns* 
Total_JobRotation 0.89495 0.70954 1.261 0.296 ns* 




Table 4.19. Human factors and the prediction of job performance of shop floor workers. 
   
Model Summary
b 
   
Model R 
R 
Square Adjusted R Square 
Std. Error of the 
Estimate F Change Sig.  
9 .963a .928 .832 1.942 9.652 0.046 
a. Predictors: (Constant), Job rotation, Job fatigue, Job satisfaction and Job skills 






    




Square F Value Sig. 
9 Total_JobSkills 110.464 1 110.464 29.2987       0.012* 
  Total_JobSatisfaction 1.695 1 1.695 0.4495      0.551 
  Total_JobFatigue 25.537 1 25.537 6.7732        0.080 
  Total_JobRotation 7.869 1 7.869 2.0871      0.244 
  Residuals 11.311 3 3.770     






Coefficients   t value Sig. Remarks 
             β Std. Error       
(Intercept) 2.13864 4.04236 0.529 0.633   
Total_JobSkills -0.03843 0.21454 -0.179 0.869 ns* 
Total_JobSatisfaction -0.09557 0.27220 -0.351 0.747 ns* 
Total_JobFatigue 1.09752 0.43282 2.536 0.085 ns* 
Total_JobRotation 1.03882 0.71907 1.445 0.244 ns* 




As shown in Figure 4.4, the comparisons between the actual values collated from the research 
survey on job performance on the shop floor and the predicted values generated from the Equation 
(4.2) are shown in Table 4.20. This was computed from the validation of the MLRM (Multiple 
Linear Regression Model). Again, it shows that there is a close similarity between the shop floor 
job performance, observed2 and what is predicted in the theory. Therefore, the MLRM showed a 
reasonable correlation with the observed results as shown in Figure 4.4. The percent error 
presented in Table 4.20 was determined from Equation 4.3 to help us determine the precision of 




𝑋 100                                          (4.3)                                                                    
 
Figure 4.4. Comparison result between the actual values and predicted values. 
 
 
                                                             
2 In most statistical studies, observed values are measured from field work. These values mentioned here is based 
on data collected on job performance. 
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Figure 4.5. Regression plot between the actual values and predicted values. 
 
Table 4.20. Comparisons between actual and predicted job performance. 
Workers ID Actual values Predicted values Error  
WK_1 26.0 26.529 0.020 
WK_2 25.0 22.227 0.111 
WK_3 26.0 28.762 0.106 
WK_4 28.0 27.115 0.032 
WK_5 25.0 25.310 0.012 
WK_6 28.0 34.577 0.235 
WK_7 29.0 23.983 0.173 
WK_8 14.0 18.727 0.338 







It is very important to indicate how well the relationship between the actual values and the 
predicted values is, from Figure 4.5, it shows the model from the regression plot between the actual 
and predicted values, if there are no relationship the linear regression will not be fit to use in 
prediction. Therefore, the relationship is measured with the r-squared value of 0.4779, 
approximately (0.5). Statistically, R-squared values ranges from (0 - 1), where the least 0 means 
that there is no relationship, and 1 means that the relationship is 100 %. Therefore, the result: 
0.4779 indicates a strong correlation between the model predictions and the actual results, and this 
also shows that the data set is approximately suitable for the linear regression model.  Also, the 
normal probability plot of the standardized residuals of the MLRM shows that our data are 
symmetrically distributed. The regression line shows a proximity between the expected and 
observed cumulative probability. Furthermore, the line of regression shows that there is a close 
relationship in the data plotted. In addition, the scatter plot shown in Figure 4.6 depicts that the 
standardized residuals are also slightly and closely related and distributed on both sides of the line. 
 
Figure 4.6. Normal P-P plot of regression standardized residual 
4.6     Discussion of the results 
This study has identified some HF among workers in a SME cited as the case study in this thesis. 
In other words, the objective of the study helps to depict further findings among these HF. The 
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statistical research results above show that the four independent variables were positively related 
to the prediction of job performance, on the shop floor. Also, from the result above, three of the 
predictor independent variables were not statistically significant in the overall system 
performance. Finally, the LOOCV model technique used showed that only job fatigue was 
statistically significant at 0.05 level of significance in four models for the training sets. Therefore, 
the best model for the human factors prediction of job performance validity using LOOCV can be 
shown from (Model 2), (Model 3), (Model 6) and (Model 7).   
 
4.6.1     The effect of job skills among workers on job performance 
From the result analysis, it can be deduced that job skills among workers have a positive 
relationship with job performance (see Table 4.7). The result also shows that the present shop floor 
workers in the case study are skilled workers, and any further attempt to increase their skills either 
through training outside or training on the job will lead to a decrease in their individual or job 
performance (see Table 4.9)  
For example, in the sawing or cutting department of the case study (see Figure 1.1) presented in 
chapter 1, there were three band saw machines for cutting steel rod for barrel and gland production. 
Only one worker was required to operate any of the machine one at a time, and if the same worker 
is on further training during production process of an HC and no other employee can replace him 
or her, then this will automatically increase the lead time of delivery of jobs to the customer 
because each schedule time will be increased due to further training on the job. 
4.6.2     The effect of job satisfaction among workers on job performance 
Also, job satisfaction has a positive relationship with job performance (r=0.614, p=0.039), and 
statistically significant (see Table 4.7). The correlation between the job skills and job satisfaction 
is 76.8 % with a P-value of 0.016, which is less than (0.05) level of significance (see Table 4.7). 
Since the relationship between the job skills and job satisfaction is strongly and significantly 
correlated, it means that each worker is satisfied with their job on the shop floor due to their high 
level of skills. Generally, shop floor workers who are skilled in their jobs are also likely to be 
satisfied with their jobs and can also predict an increase in job performance. However, the result 
shows that an increase in the job satisfaction by a unit will lead to a decrease in job performance 
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(see Table 4.9), which is not visible in most cases. Commonly, if a worker is satisfied with his or 
her respective job, the worker’s job performance should increase. Therefore, this finding may be 
as a result of not considering other related factors in this study, such as the wage or salary of 
workers. That is, one may still perform a job well by high wage though one may not like the job. 
4.6.3     The effect of job fatigue among workers on job performance 
To predict job performance among workers on the floor shop, it was drawn from equation (4.2) 
that among the predictor variables considered as independent variable, only the variable of job 
fatigue was determined to have a statistically significant effect on job performance at 0.05 level of 
significance (see Table 4.9). That is to say, job fatigue is said to be significant in job performance. 
Therefore, the result shows that job fatigue is an integral factor in humans especially in jobs 
involving hands-on and moving materials manually in any industries that cannot be avoided. 
Although research has shown theoretically that job fatigue in most cases is a major factor that 
affects humans and performance of job (Jansen, 2003). But according to the multiple linear 
regression coefficients of the individual contributions of the predictor variable, it is shown that an 
increase in job fatigue by one unit will lead to an increase in job performance by 1.369 unit (see 
Table 4.9), which in most cases may not be realistic. However, according to the Illustration-of-
the-Yerkes-Dodson-human-performance-and-stress diagram, as shown in Figure 4.7, it was found 
that the higher the fatigue at an optimum stress level, the higher the job performance. In other 
words, at some certain neutral level, fatigue related to job can tend to increase the performance of 
individual shop floor worker, thereby increasing job performance. When there is overloading of 
task among shop floor workers, the job performance will tend to decrease, which is under 





Figure 4.7. Illustration-of-the-Yerkes-Dodson-human-performance-and-stress  
(Welford, 1973) 
Furthermore, it was discovered by Scott (1966) that the job performance of a worker mostly 
increases as the stress level increases to a point of fatigue, but when the stress level gets too much 
and extremely high, respectively, then job performance drastically reduces. Finally, it is clearly 
shown from Figure 4.7 that the accumulation of stresses can also result in physical fatigue.  
 
4.6.4     The effect of job rotation among workers on job performance 
Job rotation among the workers on the shop floor also has a positive correlation with the job 
performance. However, at 95% confidence level (α=0.05), it is shown not to be significant in the 
performance of the system. Although job rotation is presently performed in the case study, an 
increase in job rotation by one unit will result in an increase in job performance by 0.164 (see 
Table 4.9). Just as job rotation in manufacturing has positively increased the performance level 
both for the individual worker and the firm (Asensio et al., 2012).  For example, shop floor workers 
should be flexible enough to rotate their job task when it is necessary, especially during high 
absenteeism and during workforce lay-off. The result shows that continuous job rotation will 
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minimize the schedule workload between workers and also increase the job performance (Jeon et 
al, 2016). 
 
4.7    Summary 
In this chapter, the research questions were answered by testing each research hypotheses. As 
stated in the previous chapter, the SPSS statistical software version 25.0 was used to analyze and 
carry out test for reliability, descriptive and correlation analysis to study the effect of HF among 
the workers in a job shop environment through the statistical model. Also, G*Power calculator 
was used to determine the actual sample size needed for this experiment. The mathematical model 
was derived from the multiple linear regression coefficients table (Table 4.9). Furthermore, the 
multiple regression model was validated using LOOCV technique and findings show that there is 
a statistical similarity between the result of the multiple linear regression model and the leave-one-
out cross validation (LOOCV) model. Subsequently, the results were analysed and discussed in 
terms of their relationship, effects and contributions towards the job performance of the system. 
Furthermore, the research null hypotheses were rejected based on the fact that there is a positive 
significant contribution between job fatigue and job performance, while other predictor variables 
show insignificant contributions with the job performance and the job skill, job fatigue, job rotation 
and job satisfaction all have a positive relationship to the job performance of the workers and they 
are as well statistically significant. However, the job skill, job fatigue, job rotation and job 
satisfaction all have influences towards the job performance of the workers; thereby, making the 
research null hypothesis two completely rejected. In addition, Figure 4.7 was used in support of 
the outcome of the independent variable (job fatigue) to indicate that, at some certain level of job 
fatigue, there is a possibility for an increase in the job performance as shown in the present result. 
Therefore, the effect of all the HFs considered in this study have shown a strong statistical 
relationship to the job performance.  







SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
5.1    Summary 
The general question in this thesis is to know the extent at which human factors influence the 
performance of a job shop manufacturing system. In order to respond to this question, a study on 
the effect of human factors on job performance was described. This study was motivated by a 
major cause on delivery time to customers and returned jobs from customers, respectively. This 
study was also supported by a field work conducted by the researcher on the effect of human 
factors among the shop floor workers. Therefore, the purpose of this study was to investigate the 
effect of the HFs such as job skills, job satisfaction, job rotation and job fatigue, and their 
relationship with job performance in manufacturing company that produces hydraulic cylinder. In 
addition, the results of this research could provide production planning managers in SME more 
details regarding job performance predictors. 
Furthermore, a quantitative research methodology was used for this study in order to answer the 
research questions proposed in Chapter 1. The four independent variables namely, job skills, job 
satisfaction, job fatigue and job rotation were selected as determinants to investigate their impact 
on job performance. The research questionnaire was developed regarding the level, relationship, 
contributions and combined effect of the independent variables and job performance, which are 
needed to be answered. This thesis further presented three research hypotheses tested to achieve 
the research main goal. (Hypothesis I: (Ho) there is no significant relationship between each of the 
independent variables of job rotation, job fatigue, job satisfaction and job skills and the job 
performance of the shop floor workers; Hypothesis II: (Ho) there is no significant combined effect 
of the independent variables on the job performance of the shop floor workers; Hypothesis III:  
(Ho) there is no significant individual contribution of each of the independent variables on the job 
performance of the shop floor workers). 
Findings from the testing of hypothesis I revealed that there is a statistically significant relationship 
of all the independent variable with respect to the dependent variable. In other words, job skill, job 
satisfaction, job fatigue and job rotation are significantly related to job performance. Furthermore, 
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findings show that all the independent variables considered are positively related to job 
performance. Therefore, the null hypothesis is rejected.  
In the testing of hypothesis II, it was revealed that the job skill, job fatigue, job rotation and job 
satisfaction all have individual influence towards the job performance of the workers. In other 
words, they all contribute to explaining the variance in job performance. Therefore, the null 
hypothesis is rejected.  
Lastly, from the testing of hypothesis III, it was revealed that there is a positive significant 
contribution of job fatigue to job performance, while the other predictor variables (job skill, job 
satisfaction and job rotation) show insignificant contributions to job performance. So, the null 
hypothesis is rejected. 
5.2    Conclusions 
The findings from this study indicate that, job skills, job satisfaction, job fatigue and job rotation 
contribute to the determination of job performance. Furthermore, this research revealed that human 
factors among workers should be frequently evaluated in SME. In other words, the various designs 
of technology for production planning and scheduling should consider the effect of HF among 
workers either in service or manufacturing enterprise. In addition, the findings from the hypothesis 
show that all the HF variables contributed to explain variations in job performance. However, only 
job fatigue has a significant effect on job performance.  
Furthermore, findings show that job rotation among workers on the shop floor should be an integral 
part of production scheduling. Rotating jobs among workers will reduce job fatigue, and as a result 
of this, it will increase job performance. Also, when rotating jobs among workers, it should be 
done uniformly in all work centres. Consequently, the results show that different task descriptions 
during scheduling among workers may also contribute to job fatigue. Therefore, shop floor 
workers should be given equal workload when inculcating job rotation in production planning and 
scheduling.  
Additionally, this study revealed that in the absence of considering these HFs into PPS in 
manufacturing, there may be low production performance, significant increase in workforce 
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turnover and absenteeism, high level of stress (which further leads to job fatigue), increase in re-
work of jobs and thus addition increase in the cost of production (Rahman et al., 2014).  
It is also interesting to know that the multiple linear regression model is a useful and valid approach 
to ascertain the main purpose of this study, which is to identify the effect of some human factors 
along with their relationship on job performance. This mathematical model can be used to predict 
job performance in PPS, also to improve decision making.  
Further and even more importantly, the results on job fatigue suggested that workers be introduced 
to a new shift system or partial overtime to reduce lead time and rework of returned jobs from 
customers. For instance, if shop floor workers are compelled to work extra hours and not close the 
JS for the day when an additional urgent demand comes from a customer. Though it might be tiring 
but if the additional rework of HC attracts additional pay, the worker will execute the tasks. Hence, 
fatigue with the underlying motivation to do more may lead to a marginal increase in job 
performance.  
5.3     Limitations 
There are some limitations regarding this study, and they are worthy of future attention. First, as a 
common sense, job satisfaction among workers should have a huge influence on the performance 
of any organization. However, the result from the experiment in this study shows that an increase 
in job satisfaction will lead to a decrease in job performance. This is an erroneous result, which 
may be due to the following problems in this study. The first problem may be that the number of 
participants is too low (9 in this case). The second problem may be related to the data acquisition 
for job performance, which may actually disconnect it to the data acquisition for job satisfaction. 
Specifically, participants may not be familiar with the definition of job fatigue and job satisfaction. 
Job fatigue can be very confused with fatigue, cognitive fatigue, and physical fatigue. The 
participants may not have a similar level of understanding when they were asked their opinion 
about job fatigue; as such the data on the job fatigue variable may be highly unreliable. This 
situation may also be true to the job satisfaction. Job satisfaction could refer to a participant’s 
emotion to his or her current job in terms of wage, workload, and/or workplace in a company, but 
may also refer to his or her specific task performed. 
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Second, the prediction of job performance from the result only shows association with four factors 
(job skills, job satisfaction, job rotation and job fatigue) considered in the study. However, there 
are other confounding factors that may also influences job performance, for example., workers 
enumeration and compensation, workload, environmental conditions (weather and climate 
condition of working space), reward and recognition program.  
5.4     Recommendations and Future Work 
The findings from this study can be used in recommending to the company’s management to 
encourage either working day or night shift in the system. Though it will cause an increase in the 
hiring and labor cost for management, but surely will help them to achieve optimum productivity 
and this will in fact minimize lead time. However, overtime can also be introduced but should not 
be continuous in order not to increase fatigue that can lead to burn-out and work injury.  
Hopefully, the research findings in this thesis will be used by operations managers and production 
planning managers in most SME in their decision-making process and policies. Also, to consider 
the workers well being in terms of job satisfaction and safety. This study could also help 
management to perform and implement strategic policies toward PPS that will yield higher 
productivity and reduce customer lead time.  
The small sample size and the use of only one manufacturing company prevent the results of this 
study from being more generalizable. Thus, it is recommended that future studies should use more 
than just one SME and larger sample size should also be used, along with several other type of 
manufacturing companies with different types of production processes (Figure 1.2), in different 
industries. 
There are possibilities for future researchers to elaborate more on this study. Therefore, it is 
suggested that more research should be carried out on considering other HF such as the effect of 
workplace injury, environmental conditions, workers enumeration and compensation, workload, 
environmental conditions (weather and climate condition of working space), reward and 
recognition program, organization culture, JS equipment and most importantly the management 
relationship with shop floor workers in SME. 
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In addition, future research studies could also use a simulation technique such as system dynamics 
(SD) modeling approach to develop a simulation model that describes the structure and dynamic 
behavior of each production process in a JSMS along with their key variables such as the 
scheduling parameters, such as task completion time with the effect of these HF. SD is a computer-
aided approach for modeling, simulating and analyzing complex system problems such as a JS 
(Sterman, 1989). 
5.5     Contributions  
The contributions of this thesis to the field of operation and supply chain management especially 
SME and ERP policies makers are: First, ensuring that HF knowledge is incorporated into planning 
and scheduling as one of the major indispensable process in both service and manufacturing 
industries. Also, providing the new knowledge about the effect of physical fatigue and job rotation 
will help increase productivity and performance. Another importance of this new knowledge is 
that HF should be fashioned into system designing and development, thereby helping further 
researcher to understand the importance and significance of human factors in decision making.  
Second, this study should also enable ERP software developers and policies makers in decision 
making process to design the effect of HF into operations management ERP systems. Since HF 
emphasises on workers and their daily interaction with materials, machines, job tasks and the JS 
environment, therefore, incorporating HF into ERP systems will not only improve system 
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APPENDIX A: RESEARCH PARTICIPANT CONSENT FORM 
University of Saskatchewan 
College of Engineering, 
Mechanical Engineering,  
57 Campus Drive, 
Saskatoon, SK 
S7N 5A9 
Email: chris.zhang@usask.ca  
            ako460@usask.ca 
Phone No: +1 (306) 966-XXXX 
Participant Consent Form  
   
Project Title:  The Effect of Human Factors in Production Planning and Scheduling Process  
    
Researcher(s):  Akinola Ogbeyemi 
Supervisor: Dr. Chris Zhang 
Purpose(s) and Objective(s) of the Research:  
The purpose of this study is to develop a simulation model for production planning and job scheduling 
for small manufacturing enterprise (SMEs) and also to know the behavior or effect of some human 
factors such as (skills, motivation, satisfaction, job rotation, and fatigue) among job shop workers when 
considered in the model to achieve better production performance.  
 
Procedures:  
 Quantitative research using a survey questionnaire will be conducted among the 
participants/shop floor workers.   
 The participants will have the opportunity to take the questionnaire home in order to answer 
them accurately without time constraints.   
 Before the distribution of the questionnaires, participants are encouraged to ask questions about 
the survey process or the study.  
 After completion of the questionnaires, kindly drop it off in the quality assurance (QA) box at the 
entrance of the shop floor. 
 





Potential Risks:  
 There are no known or anticipated risks to you, as a participant in this study. 
  
 If you feel uncomfortable at any time during answering of the questionnaire, you may refuse to 
complete the survey or otherwise. 
 
Potential Benefits:  
 There are no anticipated personal benefits to your participation in this study. However, the 




 The researchers will ensure to protect your identity. Participants will be offered the choice of time 
and location to answer the questionnaires. In addition, your name and any other identifying 
information will not be needed to reduce any likelihood of anyone being able to link you to the 
information given.  
 
 Returned questionnaires or consent forms related to your participation will be kept under strict 
security at the University of Saskatchewan in the office of the principal investigator. Files will be 
kept in a secured cabinet under lock at all time.  
 
Right to Withdraw:   
 Your participation is voluntary. You may answer any question that you feel comfortable with and 
may withdraw from answering any questions for any reason without any explanation or penalty.   
 
 Due to the nature of this project, you will have until the end of March 2019 to withdraw your 
input. After that point, it will no longer be possible to add or delete as the project will be complete.  
 
Follow up/Storage of Data:  
 Upon completion of the study, the data will be safely stored and secured for a period of five years, 
after which time all digital data will be wiped for permanent removal. All paper copies will be 
shredded.  
 As part of the concern for welfare of the participants and for those that have participated and 
also interested in the results of the study, participants will all be contacted with the results at the 
end of the study during the last visit of the researcher to the company or the results can be 




Questions or Concerns:   
 If you should have any questions or concerns, please contact the researcher(s) at the contact on 
the topic of this page.  
 This research project has been approved on ethical grounds by the University of Saskatchewan 
Research Ethics Board. Any questions regarding your rights as a participant may be addressed to 
that committee through the Research Ethics Office ethics.office@usask.ca @ (306) 966-2975. You 




By signing this consent you are indicating that you have read and understood the contents of this consent.  
I have had an opportunity to ask questions and my/our questions have been answered. I consent to 
participate in the research project. I understand that my name and any other identifying information will 
not be used in research publications. A copy of this Consent Form has been given to me for my records. 
 
     
Name of Participant                   Signature  Date 
 
______________________________      _______________________ 
             Researcher’s Signature        Date 
 






APPENDIX B: RESEARCH SURVEY QUESTIONNAIRE 
 Job Shop Floor Survey 
This questionnaire is based on your work experience as an employee in a Job Shop Manufacturing company to 
identify some human factors among workers on the shop floor, and also for the purpose of research being 
carried out in the Mechanical Engineering Department of the University of Saskatchewan, Saskatoon Canada 
on the effect of human factors such as, (workers skills, workers motivation and satisfaction, job rotation, and 
fatigue) in job shop scheduling process.  
Kindly please indicate by ticking in each box that shows the level of agreement with the following 
questions below. 
 
Gender:  Male                                                                                               Age Group     20-25   
                Female                                                                                                                    26-30 
                Others                                                                                                                     31-35 
                                                                                                                                                36-above 
Agreement Scale:    
 1= strongly disagree; 2= disagree; 3= neither agree nor disagree; 4= agree; 5= strongly agree 
 











 1 2 3 4 5 
I find my day to day job very interesting      
I make use of idle time on the shop floor      
I am very satisfied with my job at the 
moment and the operations of the 
company 
     
I am well respected and appreciated at 
work when I deliver 
     
I am confident of my abilities to succeed at 
my work 
     
The purpose of the company makes me 
feel my job is important 
     
I have good relationships with my co-
workers 
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I have the right tools and equipment to 
carry out every assigned task on the shop 
floor 
     
Job skills 1 2 3 4 5 
I have good knowledge of all the machines 
and equipment used on the shop floor 
     
I can only work on a job assigned to one 
machine at a time 
     
I always carry out an assigned job alone 
without the help of others 
     
I sometimes need the help of the floor 
manager to carry out my assigned job 
     
I have enough time to complete any 
assigned job given to me 
     
Understanding and interpreting a job 
drawing is very important in my job 
     
I prefer an automated machine than a 
manual one when doing my job 
     
I make use of the shop floor management 
system (JobBOSS) effectively 
     
I have developed new skills on the job over 
time 
     
I sometimes make decisions on what to do 
without the help of management 
     
I have a special way of performing my job 
differently from the instruction given 
     
I learn new ideas, methods or techniques 
on my job 
     
The shop floor management system 
(JobBOSS) contributes to the successful 
running of my job 
     
Most of my daily jobs on the shop floor are 
repetitive 
     
      
Job fatigue 1 2 3 4 5 
I have enough time to complete every 
assigned task given 
     
I prefer an automated machine than a 
manual one in doing my job 
     
Raw materials and other resources are 
always readily available for me to carry out 
my assigned job daily 
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My workload is suitable that it gives me 
time to attend to families and other 
engagements at the end of my shift 
     
My job requires me to work faster due to 
delivery date 
     
The workload on the shop floor is evenly 
distributed among workers in each work 
centre 
     
      
Job performance 1 2 3 4 5 
The shop floor workers do quality jobs at 
all times 
     
The shop floor workers always meet the 
number of assigned jobs given to them at 
the stipulated time 
     
The shop floor workers are very 
dependable on the shop floor 
     
The shop floor workers all have good 
knowledge of the machines and equipment 
used on the shop floor 
     
The shop floor workers all have a good 
sense of judgement in my absence 
     
The shop floor workers have the ability to 
learn new techniques and skills on the job 
     
The shop floor workers are reliable when it 
comes to taking initiative on the job 
     
      
Job rotation 1 2 3 4 5 
The nature of my job requires me to work 
in few departments on the shop floor 
     
There are enough workers in every 
department to carry out daily production 
demand 








APPENDIX C: RECRUITMENT LETTER FOR PARTICIPATION   
 
University of Saskatchewan 
                                                                                                         College of engineering, 
                                                                                                            Mechanical Engineering, 
                                                                                                 57 Campus Drive, 
                                                                                           Saskatoon, SK 




Dear Shop Floor Supervisor, 
 
My name is Akinola Ogbeyemi, I am a graduate research assistant in the college of engineering at 
the University of Saskatchewan. As part of a research been conducted in the college on the effect 
of human factors in production planning and scheduling process, I am sending this message across 
to you if you and your shop floor workers would like to take about 20 minutes to complete a survey 
questionnaire for the purpose of this research. Kindly note that participation is completely 
voluntary and your responses will be treated confidentially and anonymous. 
 
If you and the shop floor workers are interested, kindly please inform the operations manager and 
he will get back to me. 
 
If you also have any questions regarding this, please do not hesitate to reach me through my email 






























APPENDIX F: THE CRITICAL VALUES OF q FOR THE W/S NORMALITY TEST
 
 
 
